. Topo II ChT is nuclear during interphase. M. muntjak cells were transfected with EGFP-Topo II-ChT, fixed, and stained with DAPI. EGFPTopo II-ChT is confined to the nucleus during interphase. Bar, 10 µm Figure S3 . Induced mCherry-tagged constructs are expressed at levels similar to endogenous Topo II. Western blot showing similar levels of endogenous and mCherry-tagged rescue construct expression in HeLa-EM2-11 cells containing mCherry-tagged WT Topo II, Topo II Y804F, or Topo II ChT. Pretreatment lanes are samples taken in the absence of virus and drug; adjacent lanes are after simultaneous addition of knockdown shRNA lentivirus and addition of doxycycline, followed by double thymidine arrest as detailed in Materials and methods. Numbers below the lanes represent image densitometry estimates of mCherry-Topo II abundance in each sample, relative to endogenous Topo II in pretreatment lanes and normalized to vinculin loading control. In all cases, induced protein abundance is within ±30% of that of the endogenous protein. Note that the data for the left two control lanes are presented again in Fig. S4 C. Figure S4 . Analysis of Topo II K3R mutant. (A) Topo II CTR-K3R coprecipitates histone H3 from HeLa cell lysates with reduced efficiency compared with WT. Top, anti-HIS immunoblot detecting HIS-Topo II CTR fragments incubated with HeLa cell lysate and recovered using anti-HIS beads. Bottom, anti-H3 immunoblot detecting copurified histone H3 in each sample. Note that the data for the left three control lanes are reproduced from Fig. 4 B for clarity. However, the rightmost lane (K3R) is from the same experiment and gel. (B) FRAP analysis of mCherry-Topo II K3R in HeLa EM2-11 cells. Plot shows mean recovery of mCherry-Topo II (n = 11 cells) and mCherry-Topo II K3R (n = 18). After collection of prebleach data (see top left of plot), images were collected every 0.43 s. Recovery was quantified in the bleached area over 50 s and normalized as per (Phair et al., 2004) . Note that WT data are reproduced from Fig. 6 B for clarity. Error bars indicate standard error. (C) Western blot showing similar levels of endogenous and mCherry-tagged rescue construct expression in HeLa-EM2-11 cells containing either mCherry-tagged WT Topo II or Topo II K3R. Pretreatment lanes are samples taken in the absence of virus and drug; adjacent lanes are after simultaneous addition of knockdown shRNA lentivirus and the addition of doxycycline, followed by double-thymidine arrest as detailed in Materials and methods. Numbers below lanes represent image densitometry estimates of mCherry-Topo II abundance in each sample, relative to endogenous Topo II in pretreatment lanes and normalized to vinculin loading control. In all cases, induced protein abundance is within ±30% of that of the endogenous protein. Note that the data for the left two control lanes are reproduced from Fig. S3 for clarity. (D) Topo II K3R fails to rescue phenotypes observed after depletion of Topo II from HeLa cells (see Fig. 6 for examples of cytology). The plot shows the distribution of phenotypes seen in cells depleted of endogenous Topo II and induced to express mCherry-Topo II or mCherry-Topo II K3R. Induction of mCherry-Topo II rescues chromosome condensation, individualization, and resolution defects, whereas Topo II K3R fails to rescue. Cells were assayed after a double thymidine synchrony and release protocol in conjunction with shRNA-mediated depletion of the endogenous Topo II (see Materials and methods). Data in this panel are a different replicate from that shown in Fig. 6 C. WT  Dox, n = 104; WT + Dox, n = 100; K3R  Dox, n = 100; K3R + Dox, n = 100. Figure S5 . Topo II distribution on mitotic chromosomes is altered by inhibition of Aurora B kinase. (A) Mitotic HeLa cells fixed and stained with anti-Topo II antibodies and DNA costained with DAPI. First and third columns show normal metaphase plate configurations with condensed chromosomes aligned at the plate and Topo II distributed evenly along chromosome arms, but enriched at centromeres. Note that sister chromatid arms are resolved. The second and fourth columns show enlarged regions (boxes) in the first and third columns. Bars, 10 µm. (B) HeLa cells were treated for 2 h with the Aurora B inhibitor Hesperadin; then, mitotic cells were isolated by shake-off, and fixed and stained with anti-Topo II antibodies and DNA costained with DAPI. The first and fifth columns show cells in pro-metaphase/metaphase with uneven Topo II distribution along chromosome arms. There are regions of more intense punctate staining, not at centromeres. The third column shows a late pro-metaphase or metaphase cell with poorly aligned chromosomes. Note that sister chromatid arms are not resolved. The second, fourth, and sixth columns show enlarged regions (boxes) in the first, third, and fifth columns. Bars, 10 µm.
Video 1. 3D reconstruction shows Topo II at the chromosome axial core. Indian muntjac (M. muntjak) cells were transiently transfected with human GFP-Topo II (shown in grayscale). Serial z sections were acquired at 0.2-µM intervals with a DeltaVision microscope system and reconstructed into a rotating 3D image using SoftWoRx software (Applied Precision).
Video 2. GFP-Topo II K3R localizes to mitotic chromosomes but is defective for nuclear import. HeLa cells were transiently transfected with human GFP-Topo II K3R (shown in grayscale) and while growing on a glass-bottomed dish were analyzed by digital time-lapse microscopy over 11 h and 30 min at 37°C using a DeltaVision microscope system (Applied Precision). Frames were taken every 5 min.
Video 3. Z-series reconstruction of a mitotic M. muntjak cell transiently transfected with human GFP-Topo II and fixed with paraformaldehyde and methanol, then stained sequentially with anti-GFP antibody and anti-H3S28p antibody. Topo II (green) localizes to the chromosome axial core, and H3S28p (red) is more peripheral. Serial z sections were taken at 0.2-µM intervals using a DeltaVision microscope system and deconvolved using softWoRx software (Applied Precision).
Video 4. Live cell time-lapse microscopy using a DeltaVision microscope system to analyze DNA-associated Hoechst dye (greyscale). Frames were taken every 5 min. HeLa-EM2-11 mCherry-Topo II cells were filmed while growing on glass-bottomed dishes after depletion of endogenous Topo II and release from concurrent synchrony in early S phase by double thymidine block. The absence of Doxycycline prevents induction of the exogenous mCherry-Topo II, resulting in aberrant chromosome condensation and failed chromosome segregation.
Video 5. Live cell time-lapse microscopy using a DeltaVision microscope system to analyze DNA-associated Hoechst dye (greyscale). Frames were taken every 5 min. HeLa-EM2-11 mCherry-Topo II cells were filmed while growing on glass-bottomed dishes after depletion of endogenous Topo II and release from concurrent synchrony in early S phase by double thymidine block. The absence of Doxycycline prevents induction of the exogenous mCherry-Topo II, resulting in aberrant chromosome condensation and failed chromosome segregation.
Video 6. Live cell time-lapse microscopy using a DeltaVision microscope system to analyze DNA-associated Hoechst dye (greyscale). Frames were taken every 5 min. HeLa-EM2-11 mCherry-Topo II cells were filmed while growing on glass-bottomed dishes after depletion of endogenous Topo II and release from concurrent synchrony in early S phase by double thymidine block. The presence of Doxycycline during synchrony induces expression of the exogenous mCherry-Topo II, resulting in normal chromosome condensation, metaphase plate formation, and normal chromosome segregation.
Video 7. Live cell time-lapse microscopy using a DeltaVision microscope system to analyze DNA-associated Hoechst dye (greyscale). Frames were taken every 5 min. HeLa-EM2-11 mCherry-Topo II ChT cells were filmed while growing on glassbottomed dishes after depletion of endogenous Topo II and release from concurrent synchrony in early S phase by double thymidine block. Even in the presence of Doxycycline, which induces expression of the exogenous mCherry-Topo II ChT, the cell undergoes aberrant chromosome condensation and failed chromosome segregation.
